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(57) Abstract: 

PURPOSE: A metliod and an apparatus for forming a tunable 
light source and an optical transmission device of a 
wavelength division multiplexing method using a light source 
of the same are provided to reduce a manufacturing cost of 
the light source by using a low-priced Fabry-Perot Laser 
Diode. CONSTITUTION: An apparatus for forming a tunable 
light source includes a broad-band light source(BLS), a 
tunable band-pass filter(TBPF), a Fabry-Perot Laser Diode 
(FPLD), an optical circulator(OC). The broad-band light 
source(BLS) is used for outputting the light of broad band. 
The tunable band-pass filter(TBPF) is used for varying a 

passing band and passing selectively only the components of the passing band from the outputs of the broad- 
band light source(BLS). The Fabry-Perot Laser Diode( FPLD) Is used for providing the output corresponding to 
the wavelength of the received light. The optical cfrculator(OC) Is connected between the tunable band-pass 
filter(TBPF) and the Fabry-Perot Laser Diode(FPLD) In order to transmit the received light to the Fabry-Perot 
Laser Diode(FPLD) or transmit the output of the Fabry-Perot Laser Diode(FPLD) to the outside. 
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4. ■ 

£1 •. 

4=^ 7|-^ t^J, sju 5l-3f|l^ eilol;t^ cfolis. jg.^^. ;^^)_ 



. •i-s.s.s^ 10-0515259 

S. 4a^^ £ 4bfe £ 2S] ^^^o] tfl^ ^4 4-8-«H i*}S^ol4. 

S. Safe f'Sll iiJaimS *«*'i!«i|>Msl «>V«) c|-*I«H^'g(eye diagram) m -a^^^l^U £ Sbfe -S- ^1 
tv ^^fil oH t:^oHa^ A-;8-i-4l^ 

£ 6a^^ £ 6bfe £ 5a4 £ 5befl ^^^^ <»M 4elo1:i^<»l'^. 

£ 8-& «• t'Sofl ^^-i- «]-8-lj ^'J^S c^f "^^l ^2-a>^]«fl» «4Efmfe £'a«>)4. 

100 : BLS : 

BDFA : 2^Ei <H«-^7> ^^-fi-^^^l 

(D)MUX1 : 2N X 1 («?)q-f'J*7l(D)MUX2 : N X 1 

DR : el^-l^-i "^ol-S-S- EM : ^2:71 

EMDR : -s}-?- ^3i7] ^f-^S FPLD : ae)-3fl* ^o):*) t}o)iH 

IL: 4^jatl|1^7l OC : *^t^«»lEl 

OSA : ^ i'^S^ ■S-^7| OSC : iL^S-^iSH 

RX : ^4^-4!7) TBPF : f-s)-tll^ 7>^ ^Ej 

TEC : *£ WDM : c|^*^7] 

safe 7>iSi =8-«3^ ol :g-«^ o)^tV c}.f"8-^ =8-*i«« 
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4f''*'«^ ^^H-H ^'-^'^-i- ^H^-g- 4^«0 T^^^ 

^^^^^ t^i* ^*1<H1 4-8-s]fe t-^ s^^o] ^V^Js)<H ^o]o\ ^3.. (crosstalk)^ 

. ^±3^ Sf7l -$18}) £E. o^;^1-|-(SMSR: Side Mode Suppression Ratio)*) ?1o> t!:4. 

iE, ?1«> -^^^^ f-il SV7l -a^dine width)*] 5*<>K ^4. 

.*lel^ A^-i- t>^S^fe ^aflsl ^o);^ 4*lJSLH.(DFB LD : Distributed Feed-Back Laser. 

Piode)7V 1^5:^014. 

neluf zflo);*! cfoj^ci^ x||a^ ^^jje) ^i^«^o| 7^0) ui^ss ^^S\ ^7}^ ^c]7] ^-g. tfl^ 

<Hl>^i fNl- ^l^*f4r ^^(BLS : Broad-band Light Source)Sl ^ ^E] (optical fUter) f-* f-^ ^^t^o^ *l-8- 

«>fe ^rsajE^ ^§ijJ-4^(spectrum-sHcing) ^■i-<y ^^sl<H 

i«!E^ ^f-il ^^l«>il ^^SlS.^ 4°li!.£-(LED: Light Emitting Diode), 3i ^o]S.S. 

(SLD : Super-Luminescent Diode), ^\'& '8-#^(ASE : Amplified Spontaneous Emission)-!- ^^^^71 
am^y-^ ^^(ILS : Incoherent Light Source)*! cflS^^ t-i], *le1t> M|^V^-g ^^S-i- *l-g-«i-'^ 

*1 Si4. 

4°li!.^4 ^ t:^*lAHfil ^a-f #^ 4^^7> #^«>^1 ^f'^?! S-^ aj-*)fe 

"iJSS) Stwl-t* «2:7)(extemal modulator)!- «l-fe^^*l Si4. 

^. USP 5,440,417:£(^'gsl "S^' : System for spectrum-sliced fiber amplifier light for multi-channel 
wavelength-division-multiplexed applications)*il'«'i^ 4^^t ^f^S"^ =^*l*ll ^A^'il ^^^7] 

21 9-«st7l ^f^^sl ;^Ftitt^-§- i^jH^ ^^^l-^ USP 5,694,234a:(^'g^ "g^ : 

Wavelength division multiplexing passive optical network including broadcast overlay)*ll'*lfe ^3l^ LEDl' 

>.saiE^ «.^B^cxj «8-^ol ;.|lo}s]5Jc}. 

n?lcfl USP 5.440,417:£fe- ik^]^ ^3:7]?} 3gJL«fal. USP 5.694.2343:^ %^ 4*|7> ^^t}^ ^^o\ SI- 

-sl^-fl-H f-«ll #^ 1J^£ 7}^ t ^ sife- 4^ 7m ^€-S- 4f'»!3-<i) •§- 

f-^^* **)2 4-*?^ 7l^# ^ 5a£-^ ^4. 

>^o^#«- zfl*l'H cfoliE-fe -g-Hl- >ll*1«H 4^-i-7V^« ^ Xl'^ltK^tVaj^ -aal^Ksilica) ^-^-fi-* 
*l-8-lV ^f-y tH^?l 1300~1600.nm 4n<^M 7>«t ^ SUfe "^^n ^ nm* *«>^ ^^o] ^x^, 

42f^l #2fl<^fe ^-§-71 (external cavity)t s8-§-t> 4=8- ^^f-*! ^S. ^^^*1 ^at£.4. .«)•?■ **7l* *l-8- 
* 4^ 7}^ 7Hol 4'J-# 7V«*^7] ^^o] Sl4. 

t'§*l *)-?-ai4 «fe 7l-t^ 4?)). 

■& *!e1t> S-^11^-i-.8lllsf7l o>f.^ ^ ^ ^<goi|Ai^ 5fla 2l-5^Warby-Perot) 4*liZ.H 
1- *l-8-lv 4^ 7h^ sj-^4 *1 ^«*ll 7lwvtv 4^€-§ 4f'1^'il ^^«^4. . 

2i|yEl-Btm ^o]^ 4*1^£-^ 7^^ol -i-^ 4*-l7> alH^ ^ ^^*1 Sl^l^V, <^5l 7l)sl JlS(mode)7> f-A] 

o|l ^?l«f4r cf^ -2-— ^^(multi-mode light source) AS-A^ S.S. ■S-^(hopping)4 S.S. -g-^i ^•g-(mode partition 
noise)*l 9X<^ 4^ch€-t 4^**! ^5*4. 
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S.# «l-§-«- c).f"8-^ ^^-tl-g- i"^^ : 2002'd 2^ 8'y)oll ^<=1 ^^^-^^ 4°)^ 

■S-^tt Jf^, 3l|« el-mi* iS||ol:*i -f^athJS-S^^ cff"J'4=l '^^11- 

t ^ sa4.. 

■g- ^^"i 4^ 71-^ ^^-S- S. H n>S!^^ :^ol, %-^(BLS : Broad-band Light Source), ^^cfl^-S: 

7>«lt ^ Slfe- 71-^ «E}(TBPF : Tunable Band-Pass Filler), ^-i^-teflolEKOC : Optical Circulator). zi^JL 

3fl « t|-o]je.3.(FPLD : Farby-Perot Laser Diode)a ' 

-^7] ^tH^ tfl^fi) ^-i- t•^«l•°^. ^"fl^ «o'-t-^(ASE : Amplified Spontaneous 

Emission)-!- ^-a-H- ^^7)^ W#7l. 4«»liH afe ^ f^sj a]?>>a^ a 

"i!^ ^i-^^IKsuper continuum source),si|- 7>:?J:'a>S (coherent) ^« f-i: ol-frlJ *r 5a4. 

i4ja.e|-Bll* 4«li2.H(FPLD)fe slJf<Hl'H ^o] ^ ^<s^ ^ si£^ ifl^ofl la^^(isolator) f-**! Sl'H<'> 

-1^71 3^tB^ #^ f' f-^tfl^ 7^ lEj(TBPF)sl f-sq-tfl^ 111 ^^S: ^^^el|olEl(OC)# Bi|«sl-3H||^ 

sflol^ 4olJiLS.(FPLD)«»i| ^."a€4. 

5|Jf o||Al ^-?jo| Ti-!^^ ^7] sllH.E|-i^-S elH^^I t:fol5.H:(FPLD)fe 44^51 32.^* -t^ (multi-mode output) 

^(suppression) slai, sl^foflAl ^-y?! Bj-^*! ^^isl-fe- iS-fe ^^>fl^^S € t-^^ 
i^e}-Al HH Jllol^sl- AiJilH^-g- 7>^ #^01 3fl«E^-3fl^ cfol5.H.(FPLD)«ll ^^JEl 

-a-?! ^«fi1 t-^ Bl-3ll^ Bilol^ C).<']^H(FPLD)ofl ^'^ilfe- ^i!) 4^2^ <aA|«fa.a f-3^q|^ 7V« 

(TBPF)2J -f-Bj-tfl^ f-^J^^-i- 7l-«^ 4^ sic}. 
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H(FPLD)«I1 ^-f -t ^2:«H -^^ ^5:(direct modulation)^ ^ 

, € ^ i>45ife- -a^-i-a: «^si^i i.'-Eii^ ^ 5ac^. 

(extinction ratio)* 4^ Si'^. 

^,^^7] 2l|ael-3ll* efloW c^oliS-HS ^a -il^l- y}^ 4*|7> ^t|)7> S|£^ €^ 

XJ<H7|1- ^7), 4^ ^l-^a ±^n)(extintionratio)J£ ^tfl7|; ^4. 

^itS^«^7l ^'«if-e]loiEK0C)7l-4-8-€4. 

^^€ell«lEl(OC)l^ ^^^^ 4^1^7i(optical power coupler)^ t||^«1-r-1eHE ^^-^ 7}^ 

£2fe.-g-§'^«|2j«e^«^4:8-7>«^«Sl>8^-i-^:a«^7l^^^^^J-*ll-l+EfHS'^. ' , 

E ISJ %-^(BLS)«.S 2^ <H«-=S7> ^'a-frf'^7l(EDFA : Erbium-Doped Fiber Ainplfier)7l- <>l-8-SlJi. #4 

cJl^ 7fS! ^E1(TBPF)S^ S||Mel-3fl* <>a"&€- €E)(Farby-Perot etalon filter)7V ol^^cj-. 

-^71 2<a <H-B-^7> ^^-S-f'^7l(EDFA)fe «f 30rimol'*S) cfl^^(1530nin - 1560nm)-i- 7M ^f'^(ASE)# 1- 
^7] oflt^ «Hl(FPEF)fe <J-7l x\<^ nH-^ ^ ^■¥-^# -a^^l^S. 3-dB c|l^^€-.et 

2.5GHzoiaif-4ifl^f''a4'i-&^^-a-?!7Woi7na.tt'^'a4. • 

^<^#ialolEl(OC)» P\M zl)oJ;H 4<>liS-(FPLD)S '^^^^ -2dBin«>la,>l-8-^a sfl^-el- 

Jfl* i^*!^ '*«)AH(FPLD)Sj 10mA«»H 17mAS) h).o)<H>i ^^71- *!7mc|.. . 

jfl«Le1-J^^ 4*>]^ tl-o]5.H(FPLD)Sl «f 400 uinoljl. o] ^-f 51-1^13^ ^o);<j i^-ol5.HSl a* 

A}o]^ jog GHzS 4-8-€ Jfl w el-S||* <»8t€- ^eKFPEF) 3-dB ifl^^Sl «f 40b1|o14. • . 

"I'S'S-^-i: OSA(Optical Spectrum Analyzer)fe ^ di^E.^ ^^7]o]t^, 

£ Safe «<^#^^ ^"a^l 8ife -y-Bfloil^ ^'gjg 5fi)a.el-sO* efl°l^ 4ol5.H.(FPLD)Sl t"^ ^nSlS.^^ ^4E^H) 
JE 3bfe ^ H ej-3li* c^6is.=a ^-asife ^sl stajH ^e^vjIbI. s. 3cfe £ 3bSl ^"a^ -^71 

7>a ^« t-^ M-El-HflCf. 

3f||«.2j-S|||l ^«>1^ cf^lAHS ^^J« ^fi) f"y 1530nm. 1545nm, ISeOnm^lJl, 2^ ^-foi) tD«|)Aj £ 3coJ>«^ 

^'^JNfe t]^ ^tfls. 3El£^ ifl|H.e|-5ll^ i^o]7] i:folii. = (FPLD)Sl.*£# 

ISSOnm, 1545nm, 1560nm'?l ^^--H) tfl8ll S-S-^^l^o] ^ifl7f £lE^ €-£1- a -^Efl<»8>«1 
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01, SLH ^^-i-fr £^ 30dB ol-S-o] Jl, §^ 4*1^ OdBmoli*. 

ne^H ^ fS^fl i^Ei- aOnmol-a-sl 4=8-7>«^^l- #^ -^^21 l-^-i" ^l^t^ 'r 

AV-§-« ^Elfe 3-dB cfl^^o] ?t 100GHE«la 7V-9-Alo>(Gaussian) ^Bflsl f-afiim #-1^^ ^^ ■f-^tl) 

^sj f^>a4^^: «t 1558.8 nmol 4. 

o] ^Eis; t))S^^^ BllH.e1-5^f- !^lol7;1 cJ-ol5.H2^ 3.-^ 2.2. Aj-olfij ^V^ji} 7^5) 

J2.H ^v:^fii tH^^i- 7V:5! t-i- ^-asw^s T^«t sa^. 

I^^o);*) cJ.ol,fi.S.fil ol^g* ^ -^^S.S.(cavity mode) f'"^ ^ ^ ^^tl 

-I- 71-?! =a-s- ^«a«H>H£ T^^t 4^ 5a4. . 

il^ojA^ ^^^fe- tfl^^M4 3^aB^-3fll^ eilol?il cfol^E-Sl ^ Jl-S- -^-f-SLH. A).c>ls) :^^<:>] §^ ;g 

-frV-s-s-s-ofl ^o] ^<ysi^ e f-^-i- ^-i- ^ $a4. 

2. H.AHS) ^-asifes^s) ifl<^4a.t:)-#-&sil«.el-ifi|*eil«>H 4<'IS-H.#4-S-«)-fe^°1 «V^a|sV4. 

SLS-SI ^3^=?^ .?>^-& *-&2.£. ^olofl^VnlBflt!-4. 

Sj H-oj/.-! ^■ys)^ ^S) c!)^^4 eHoMs] ^^£2. ^o] 5J;tit:f sj-.^ ^>\^ ^ 5!'=') «V^^SV4. 

ofll-l-«H, 1550rim34-^ ifl^ollAi #^#6) et3.5?l l-^(GaAs. InGaAs f- )•!■ A}-g-si-oi sflu el-afl^. eilol;^ t\c,]±B. 

# A|.^^ ifl. n<=>]^ 4o]5!.coi| ^«as|fe cflo^^o] 100GHz«l^. «^ 400 um ol-^-?! Sll*!^ 

sa4. 



^4 



^4 . 

s) 7j-£%^-g-(inlensitynoise)^ 'T^«Jt!-4. 
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, ^, Jae-Seung Lee("Signal-to-noise ratio measurement of a 2.5-Gb/s spectrum-sliced incoherent light 

channel," IEEE Photon. Technol. Lett, vol. 1, no.l, pp. 94-96. 1997)71- A^^fa «]-^ ^-^-^ sl^t-a-^ 

^ 7<}-£^^(intensity noise)-fi- ^l-^lul SU^^I, '^IS. ^.*r'l!7)oa.Ai e «1 ^ =&-§-(beating noise)-i- 

«>le1^ Hl^^#(beating noise)-& iaqE^ ^f-t! '%A<^,^ ^\^^^^ ^A^, -^^^ 

* ^igoji 4^ 4:5^ ^^<*ii>H Hi^j-a^ A^^-n^ cfoUHs f^at ^-f. ;*7i 

t^-e- i^aiE^ 7j-£^#(intensity noise)# ej?|«W ^"8^^ Hm-a-S ^«f| ^j-i^^o) 

£. 5aS| -M^^^lfe ^^Cfl^ 7Ha 1E){TBPF)1- wltV-a-a sl^.«S7)(EM : External Modulator)S. « 

i'as.=^:2H(0SC)» o|-8-«|-<^.4ol 4«>l<H:3L^(eye diagram)^ f'SJ^ i^lHia ^^^^ 

o>ei c)-oHa^(eye diagram)-!- ^-f S>»1 -g- ^'goJI 4& 34-;8- 7V« Jg-^oll i4^t^4. 

^S-7l •i-3!^t|^^ 7F« ^El(TBPF)S.fe Bll«Lel-3Hl-^ oilt€^ ^E)(Farby-Perot etalon filter)7> ol^g-jJlji, >^7\ 

* 5@El(FPEF)S| tfi^^^ 2.5 GHzom. 

^ £^ ^2 ^Efe- 622Mb/s«|ul. ^2:7|(EM)i4 A^A-^^ t^-olAHCFPLD)"!) ?l7VSlfe isjA}- 

"a •¥-l:(PRBS)sl ^o]^23'-lol4. • 

£ 6a4 £ 6bT7 ^-f oil '>><>1 ^ojol^i^Ceye diagram)-i-S.-*1 -& »fi-'8<fl JHI" 71-^ ^^-S- o|-8-«1- 

f|-§-SH s*ilwel-5(l* sflo];^ cfol.2.£.(FPLD)S] ^^«| 2:^^°.^^ ;a-.g. oj 

^A>-\ -g- ^"g-Hl 7>ifi ^«oflA;l ifi)H.E)-5l|^ ellol;*) 4olj2.^(FPLD)oil -S-£^ol=S-*ll- ■¥-7V«V*l 

i ;a^^)<H'^*l« -¥-7^01 ^^-t^^t 7l)>!d^ ^ sit*. 

7l€-ei ello]^ cfol.2.Hl-ol|£ -S-S^tH^^lM- ^7\^<i^ 4-§-s^<^ 

s^^l^K 7)€-s| A'>\A cfolAHi-o)] AV^^ €-£;<lM^*m Ao\A #^sl iSlol^H ^'S<a^ f- 

# ^88 AV.§-^! 5J«H. ^^^1 4^ 7V^ ^«ofl>Hfe- «H1 ci«^<^ ^-yslfe- ai^V^a.^ ^s] ^.g.# 

£ 7-8- ^ ^i'g'Hl -^l-i-tv ci-f'«<il f-sfl 4^^^ 

cff'^S N7«2l ;«)|iat ^Aj^^(xi. \3.-,X2N-l)f- -^'•7) ^^a-S-* -f sfl "a^.s)^ i^f^^S N7ll 

;««2:i# ^'tl^#a2. X4. -,X2N)i- =^^>t!«l-7| ^ojcf. 
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(FPLDl,FPLD2, --,FPLDn), N7l)4 ^o]^ c}<il5.S. ^■i-SlS(DRl.DR2,-,DRn). N7])sj 1^0]?^ cfo]^H ;«I|<H 'J ' 
sKTECl, TEC2,-.TECn). N7Hs) t=r<j7l(RXl,RX2.-.RXn), S^i+s] 2N x 1 (^)4^^7l((D)MUXl). (^)4 . 

f S^7l ^£ ;<l)o1 ^Al(TEC). ^7lls| 4^J-iati):a^7l(lLl.IL2,(lnterleaver)), «^«44^*^t8ll«>lEl(0C)4 «i-44 tifl*^ 

^7] (^)4^47l((D(MUXl)^? *f-tt4s oj^Ja 4=&«-t cl-f-^^ ^-i!^t# 4^J-^S ^s^si-'^ 2N7B4 "a/t- 

^ ^^4#s 4M 2N71isi la^i-s ztzn]^« 4^«i 4^ ^-a^** 4^€-«- 4f'S^*}<i • 

Jfliaf- ^-asil-ai. \3, --.\2N-l)4 ^l2iif- ^<^±l:(X2. X4. ",X2N)2l 4^-& MS. ^^^A] m^M. 
-^7] =9-tIl:l-{\l, \3.-,X2N-l)€- ^^7) (^)4^:^7l((D(MUXl)fil ^1-13^44 -S-^^ Si 'fl i^-^l-d, 

3.-.2N-1) ^^l")) ^"^l ^ 4^71 ;«ll2aif-. ^>tl:£#(\2. X4.-,X2N)^ (^)4f'47l4 ■?#^44 '^•'r'ti^ 
^41-(2, 4.-.2N) AVojoB ^ 5i4. 

^7) ^€(BLS)€- tH^4 t-i- #^1^4. 

^j7i ^^teiioiEi(oc)fe "^^s^ lim ^-a^i- •^'d^ 'S^s. t-^«fji ^'d'ii 'a^s "a^€ ^<i!i:fe'^« 

i}4s.#^4-&7l^-i-^^tL^4. • 

>S-7l 4^j-Htfl:i^7l(iLl.IL2)4 'a-^}4 ^^'4l ^''loll^ 4^71 pflial- t^J:l-(Xl, \3,-.X2N-l)-i- ^ 

^sVjI ^7] ;«fl2al- ^.-t!S.ft(X2, X4,-,X2N)-i: ^^sH. ^44 ^44«'l«l]fe- -S-^l ;42aS- 
(X2. X4,-.\2N)^ -^71 ^ l:jtf- %-tlS:l-ai, X3.-;X2N-1)* 4^1>4. 

-»7m ^^^4 ^*1(100)4 -a^^ 4-i-4 ^4. 

^c^7l (^)4^47l((D)MUXl)4 t'T'd^ ^^M^ 44 sllwel-ifl^ zflo];*) c)-olis.{FPLDl.EPLD2.-.FPLDn)7l- 
•a^^al, 4t^^^ tS4°I|-c- 44 ^T^'tl7l(RXl.RX2,-.RXn)7> ^:iJa4. 

. ^7] {4)4f'47l((D)MUXi)sl ^■i-ia4»llfe ^9l4^Jaia^«-7|(ILl)sl .^«««l ^471- ;^i4^Jatfl^t4 
(1L1)4 tV4ollfe ^**lte}l«]E)(0C)4 ^^'fl 'a47V^:i44, ^4-t«il 44(004 'a4«flfe^'fl^ ^ 

Ja(BLS)4. 'a4»llfe :»l|24^iaifl^^4(IL2)4 T^^ll ^47> ^^44. 

-^4 ^ll4^a'fl^^4(lLl)4 ^^ifi ^44 >a24='J-2««^^4aL2)4 ia4fe-4s. ^^4:^. ^24*atii 
^^4(IL2)4 ^4fe ^4 ^^*^4{100)4 t-'^^t47V €4. 

^^4 1h4(100)s1 ^43t«. ^4. ^4 ^«H4 ^€(BLS)'g- a-& tfl^si ^8-1^44 #^43 4 # 
4-&^4#i!fl44(0C)4 ^^}S. 13^44 '54* 44 >ll4^Htfl;i^4(iLl)4 iS4S. -g^^a 
4. 

^7] ;*«l4^HH):a^7)(iLl)fe -a^* ^44 ^ f' ^4S #^«-4.. 

>a^7l ^|i4'5}-aifl«^4aLl)4 t^'S- (4)4f'^4({D)MUXl)4 ^f-^4s. -a^^ 4^, (4)4^^4((D)MUX1)4 
"&4«fl 44#^«4. 

(^)4f'^7l((D)MUXl)4 t-^-S- 4«2l-sll* efl44 445-=(FPLDl.FPLD2.-FPLDnH «a^44, al|a.4-4* 
sMlojxi cfo)iH(FPLDl.FPLD2.-FPLDn)fe <&^^ 4^4 ^44fe ^llaf- ^'tlii^l-CXl. X3,-,X2N-l)-i: % 

^t\JL, ^4 ^1^^ ^<iS.l-(Xl. X3.-.X2N-l)^(4)4f44((D)MUXl)°(14 4f'S^^! -f ^ll4^j2^1t4aLl) 
.4 ^««<I^4S^^«4. 

AJ.71 >ili4^J-5i4^^4(IU)S -a^S 4f'4€ -^^4 >lliat ^-y±l-(xi. X3.-.X2N-l)'&-f-«4 "34^ #^4 
Jf. ^4tel44(0C)4 ^44 ^41- 4*^ ^24^3itll«^4(lL2)4 ^43. <a^si4 ^24^ 
51^11^ ^4(lL2)4 ^^4^ #^44. 
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t^i^ ^*](100)^ ^ 4''l-SL = (FPLDl.FPLD2,-.FPLDn)o(l>M ^2:€ ^-SIS:* -«>^«V7l 

e)lo|;»i T^**IS.(DRl,DR2,-.DRn)sf 4 5^M.e]-5il* ell«»l^ cf«>U2.(FPLDl,FPLD2.-.FPLDn)i!j * 

mt}7] 4o\ =8^A1(TEC1. TEC2/-.TECn) ^ 4^7] (^)c^f'S^7l((D)MUXl)S^ ^<H«F7l ^«^ -fe 

4f'S^^ N^esl ;tfl3a# \2,-,XN)* -^7) ^-^^^ -f^ 'Q^^^ Eff'^S N7t|Sl ^ 

4a# %-t!±#(XN+ 1. XN+ 2.-.X2N)-i- 4''a«>7] aJ«>14. 

£ 8'=fl H^l^ ^"l -g- *'^»B 4& 4^^^ ^^"^^ N7fl2| 2fl«eJ-Sfl^ BfloH 140)5.= 

((FPLDl,FFLD2, -.FPLDn).N7Hsl bBo):*! cf^U^ T"-i-*lS(DRl,DR2,-.DRn). ^lol») 1^0)^= ^ 

*| (TECl. TEC2, -,TECn). N7flsj ^^-t!7l(RXl,RX2,-RXn), 2N x 1 (^)4*Sl-7l((D)MUXl), (^)4^a^7) 

s) ^£ ;^lo] ;8-sl(TEC). ^7l|sl 4?'^7l(WDMl.WDM2), ^-^#4ol^{0C)^^ SWSI ^tfl^. ^« 

^71 *^iE!-4s.#^«4^5a«4. 

^7] m=LW %^S:^(.K1. X2.-,XN)4 ^7l 44=L% ^<tl:£-&(XN+ 1, XN+ 2.-.X2N)S| HS. 4=9- 

oj| uplsjBj, -^71 .;<83^f- ^^:£€(X1. X2.-.XN)€- -^71 (^)t^^st^7]^ ^^^^}^ l~N««fl ^jj^^ ^ 

SlJl -5^71 ;fll4al- %-aiS:l-(XN+ 1, XN+2,-,X2N)-& ^^71 (<4)c|-f'^7l^ ■?*^:»V4 N+ l~2N«ii»1 ^:*^«• ^ 

^7] %*it5HI«lE](0C)^ ^^'H 'S^l-s. «B^€ ^^•^ ^'^sVai, -^-^sl ^-t!±fe ^ 

^7] c1-f'^7)(WDM].WDM2)sj f^^'sH ^:^}s^ ^:^} >^W«5fe '*7| 743:af- ^-aa:l-(Xl. X2.".%XN) 

■g- >i)4Ilf- ^^^1-(XN+ 1, XN+ 2.-.X2N)-i- ^K'S*}'^. ^^V«f -Mlsi^fl -^f^Hfe -^-71 ^43# ^ 

't!S.l-(XN+l,XN+2/-%X2N)^^^#al^3a# ^-i!l.l-(Xl.X2,"-,XN)#*>iSt^i+. . 

'S-7l« T^>ysl ^«I(100) 'ih&ai- ^cf. 

>5^7l (^)cf^^7l((D)MUXl)S] l-m^ ^zj- zl-'H 4oliH(FPLDl.FPLD2.-.FPLDn)7V 

N+ 1~2N««J ^^il7l(RXl,RX2,-.RXn)7V ^ l^cf. 

^^7Un)^^i^7]mMUXl)s\ ^l4<J^t 4f'#7l(WDMl)s| ^'a^^l ^i^7} ^^£\jL, m^""^^^ 

^tfl^ ^«(BLS)ol. t^^Mfe 5H|24^^«-t 4^5^71 (WDM2)S1 ^^d^ '^47^ <a^€<4. 

4f 3^7l(WDM2)sl ^^d^ "S^^ '^^7) ^^a^ ^*|(100)2l #^'a;^f7V^cf. 
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4f'S^7l(WDMl)s) t^-S- («^)4^^7l((D)MUXl)^ "J^^ ^, (^)»^*^7l{(D)MUXl)Sl 

(^)4f'^7l((D)MUXl)s] #^-S- eJ"!^ i^°]5.H(FPLDl,FPLD2,-.FPLDnH «y^£l°l. 

40]^ t1-oliiL=.(FPLDl,FPLD2,-FPLDn)fe- -a^^ 4^4 -a^l^l-t ^I3af- t^3.#(\l, \2.-,\N)-i- ^^ 

t}jL. ^7] m=i-^ '^^S.%(M,\2,":m^ (^)cff'^7)((D)MUXl)«fl'<i cf*a^€ ^l3}-=8-«-^ i:i-f'Sf7l(WDMl) 

^m^^-^ 4f'^7l(WDMl)£ ^3af- ^4!3Ll-ai, X2.-.XN)€- -^-^^l 4^ ^-"ItsilolEj 

(OC)sl "t};^}*} ^iltiH ^41- >1I24=*^« 4f'af7|(WDM2)sl ^ia«4 "a^s. g^sjo) ;^2j*^^«- t+f'S^ 
. 7)(WDM2)S1 ;5)§i*| 

a >I124W^ cff'^7](WDM2)Sl <a^€ ;<il4^«- ^-t]5:l-(XN+ 1, XN* 2,-,\2N)-e- ^1^4 ^^}S. 

((D)MUXi)sl ^f-^;*vs ^^jat*. 

•^■f-^^l-s "y^^a ^3:^ ^7) (^)4f'SF7l((D)MUXi)s| N+ l~2N««l| ^;*H ^ <>]% -44 ^ 
4''i!7l{RXl,RX2,-.RXn)o(|>M ^-^€4. 

-^7) ^^1(100)^.4 eflolPH 4°li^(FPLDl.FPLD2,-,FPLDn)o|l>«i 'SSx^ ^-il^l ^-^i^^] 

^«>H T^*SlS(DRl,DR2,-,DRn)4 4 ifl^sl-sfl^ efl^l^H 4olAE-(FPLDl.FPLD2.-,FPLDn)^ •& 

£1- ^o1SV7l sf\^ Bllol;^j cfojiH ^£ ^^)(TEC1. TEC2.-,TECn) 53 ^7] (^)4f^^7l((D)MUXl)fil 

^l'H«>7] ^r^^o] ^m-ECm ti itt ^ 544. 

cff'^^a N7iis) ;Hi5af- ^-a^i-ai. \2,- -.xN)!- %^^JL ^7i t^j-fri: f-«ii -a^^sife 4t^s n7iisi >i] 

(FPLDl,FPLD2,-,FPLDn), N7l|s] eflol;^ cfol^c ^^^s(DRl.DR2,— ,DRn), N/flsl ^lo];?-! t^o]±B. -^S. '^I'H ^ 
*1(TEC1. TEC2,-.TECn), N7fls) ^'4^^7)(RXl.RX2,-,RXn). ^f^s) N x 1 (^)4f^^7l((D)MUX2), ^7) (^)4f'Sl- 
7lS) ;«9<H ^*UTEC), N+27llsj if^^l^ 4f'^7l(WDMl,-WDMn+ l,WDMn+ 2), t*^^n'=']mOC)S^ 

>^V7l {«)cff'fi^7)((D)MUX2)fe ^f-Ta;^>S -a^^ J^^J-^tt 4^^S ^-tlS^-i- 4 ifl-^J-'iS ^Hl5><H N711S) oj/t- 

•fia-4s #^«foi, -g-f-^a^^ 4 "a/t-^ -a&^i^^^^^i ^.^^s^ <§^^ ^'^n'H 4^ ?>4-i- 

^7l ;*ll5al- ^'ilJ.l-Cxl, X2, --.XN)4 -^7] m=l^ %^S.^(Xl^+ 1, XN+ 2,-.X2N)S} -^iS. 4^ tfl«^ 

o|| Hfl^ls)!^ -^7) (^)4f'S^7)((D)MUX2)s1 ^f-ia^44 ^y-^M 44 ^ Si^lS},^7l ;^)5af- t 

^&1^(X1, X2. -.XNm ;^l6a# ^-a:S:l-(XN+ 1, XN+ 2.-.X2N)^ 4^€- 44 ^7| (^)4*S^7|s^ ^^s.^ 
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^•^7] 34=9-^^ cff'^7l(WDMl.-WDMn+ l,WDMn+2)Sl ^S!^ ^J^>s4 ^S^^} ^^H^r ^^7] ;«l|5::i# ^^J:.* 

(XI, X2.-,\N)# '^>7i ;.j)6ni- ^'a:£#(xN+ 1. XN+ 2. •••,X2N)^ ^meH, 'a^Vsf -^^^ 4»1 

o8t '*7l m=L^ ^'iia:l-(XN+ 1. XN+ 2.-.X2N)-i- ^i^cVul -S?] ;«I15^«- ^-a3:*(Xl, X2.-.XN)-& AV'S^cl-. 

^7) {^)4f'S}-7l((D)MUX2)s] N711S) 42^ 4^^^ 4*^7l(WDM3,-WDMn+ l.WDMn+2)7> ^^£la, 

^7] ^-§^^715^ ^si^ e^^fe ejlol;^ i^olA£.(FPLDl,FPLD2.'"FPLDn)7K 

^J7| (^)4^a^7l((D)MUX2)£l ?f-^4<Hl^ ^im^^t 4f^:^7l(WDMl)2l ^^vfl ^y(^7\ <&^s\3.. ;^l4=3-&t 
^Mfe ^cfl^ ^€(BLS)ol, ^;^}o«^ ^]2^^^^%t 4^S^7l(WDM2)s^ -^-^^l '&471- 

4f'^7](WDM2)2l ;^Bi;i<l| ^^1(100)^ ■t^'S^^V ^4. 

•g^sie^ ^B]^ 1^41- T^i^ xiiij^^^^^t 4f'^7r(WDMi)5i ^a^s. «a^€tf. 

*I114^^^ 4f^^7UWDMl)fe <g^€ 4^71 ttfl^ ^«(BLS)S) #^ ^ <a^fe 5!^^ e-4S #^'^4. . . 

((D)MUX2)S1 N7MS) 44#^?14. 

(«)c).f^SJ-7l((D)MUX2)sl 4=9-^^ cff=2^-7l(WDM3. --WDMn+ l,WDMn+2)S) ^^9^ tar^ojj ^^3^|<H -f-S! 

*l ^4S. t-^Ja ^ 3H]«.el-iHl* eflo);*} 4<»15.S.(FPLDl,FPLD2.-,FPLDn)<11 -a^^c).. 

4ifll«Le]-3^* el]ol;^i ^^l^H^ -y^sl^ ^2] 4;»j-4 -^^4 ^sal-.^-ilS-l-CXl, X2,-.XN)-i- *^SVji. 

'S-?! ;»85af- ^-tlJll-CXl. X2.-,XN)-S: 4 4^*^ i:ff'^4(WDM3, •WDMn+ l,WDMn+ 2)1- 4^ 44 -*7l (3^)4 
f^^4((D)MUX2)«H|4 4^^t 4^^« 4^ >«l4=9-&t 4^SF4(WDM1)4 -a ^€4. . 

4^4 ^114^*«- 4^S^4(WDM1)S -a^^ ^Saf- ^^±^(X1. X2.-.XN)-& ^Si^ "A^S. t-^^ ^. ^^#el|ol 
EKOOsl ^Si'Sfl ^44 ''iKii'fl «4« 4^ ^24^€tt 4^^4(WDM2)sl 'a4a <B^si<H ^24^«-« 4^ 
^4(WDM2)sl ^^»l^4s. #^^4. 

5 >ll24=*«-t 4f'^4(WDM2)Sl «4S 'B^^ ^6al- ^-a4.«(XN+ 1. \N+2.-.X2N)'S- -^H^*! ^4S 

#^siji. 44 ;»i|i4^^§t 4f'S^4(WDMl)sl >H|^*I ^4s ^^fil<H 1^43. ^ (^)4S'^4 

((D)MUX2)4 -?f-'a4S U^^4. 

^«-'a4S -a^^ m:i^ ^'il^«(XN+ 1, XN+2.-,X2N)^ -^^4 (^)4^^4((D)MUX2)S) N7l|sj ia4oll 44 # 
^€ ^. -^'•4 4^^t 4f'Sf4(WDM3.-WDMn+ l,WDMn+ 2)4 ^4S. ^ ^€4. , 

4^«-t 4^Sl^4(WDM3, •••,WDMn+ l.WDMn+ 2)S. -a^^ ^l6af- ^'tl±-&(XN+ 1, XN+ 2.'"iX2N)-S- 4^^^ 4 
^444 4^1^ ^^43. ^ ^^•4>4(RXl,l«2. --.RXn)<H]Ai ^-11^14. 

-^71 ^4(100)^ 4 5ll«4-2fl^ eH")^ 4o)AE.(FPLDl,FPLD2,-,FPLDnH4 «2:€ ^^JSV4 

^o);*) 4ol^H. ^■g-45.(DRl,DR2.-.DRn)4 4 5»«.El-5ll* i!fl44 445. = (FPLDl,FPLD2,-.FPLDn)4 -g- 
£«;*ll<^*^7l N7l)4 eaol4 40)5.= «-iE ^4(TECl,TEC2,-,TECn); (^)4f'44((D)MUX2)4 ^JEf- 
;^<H44 fltb •&£ >«<H ^4(TEC)« 4 iSL«-t *r Si4. 

H 10* ^ «'S«»9 4^ 4-8-« 4<S-e-« 4tH}*l ^-^'l' =8-44 ^4-^4444. 
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2. ICHl wVsf^o] ^ .^igoi) i^^ sl-^s)-^^ tl-f"3-il ^Alfe-, sl|«el-Sl|^ ellol;^] cj-^ULH 

(FPLDl,FPLD2, ",FPLDn). N7l)2] 8llo|^ cfoliH -g-S. ;?1H ^^](TEC1, TEC2.-,TECn), Nx 1 (<^)t1-f'l^- 

7l((D)MUX2), (.'^)^^S^7]s\ -S:£ ^H^^^1(TEC). ^^s\ ^v\^no\^i(X:), i}^^^^^^ ^€(BLS), SW-S) 4)^ . 

^j^7) (^)c^f^s^7l((D)Mux2)fe ^f-'a^s -a^^i ^f-t^^ ^-ti^ii-* 21 i^^^s «^ei8f<^ ms\ <a/# 

-3-71 sj-cfl^ ^^(BLS)^ cfl«^2| #^ tV4. 

4^71 m^nomoc)^ m4 ^^}s. -a^^ ^-a^t -^la^^ ^^s. «a^€ ^-^s.^ ^ . 

'5^7l JSl^ «S7)(EM)fe ^7)^?! -tl^l- 

^^7] (^)c^^^7l((D)MUX2)sJ N7ll2| ijf;^Hfe eil^l^ 4o1iS.(FPLDl,FPLD2,-,FPLDn)7F<a^ 

Si a, {^)4f'^7|((D)MUX2)aj •?f-«;»H^ ^«lti4*lEi(0C)fi) ^;»}7> ^;aacf. 

^7] ^2:7l{EM)oflfe- <»1* 51-^ ^2:71 ^^^S(EMDR)7> <a^5H. ^7l>^?l -t!:£^ ^^71 fil-^ 

^71 ^Mss\ ■^i^i^, ^7) ^tfl^ ^4l(BLS)fi| #^*-^7l ^*^#i^olE^(0C)2l Sl^^l-S 

■a^slol ^^^4 i^TiH- 71^ (^)4f'*f7l((D)MUX2)Sl ■?-f-(a:4S. ^, (^)4f'*7l((D)MUX2)sl N7l|sq 

{^)cff'Sf7l({D)MUX2)£l #^-a- 3|ia El-aij^ eflo);*! i4oliH(FPLDl.FPLD2,-.FPLDnH «a^Sli^, 2|-.5||«IE|-S|| 

5«we)-sJt* ^o)^ '^''li2.H(FPLDl.FPLD2,-.FPLDn)S) ^^71 (?^)4^^7l{(D)MUX2)»ll^i 4f'J*€ ^ ^ 

-y-71 =a-A](100)i-«.1 5|)ael-aJ* ^o\7^ c)^oliE.(FPLDl,FPLD2,-.FPLDnH ?l7fslfe ^Qfl-^ TtHo] ^ 

,s.s.<^ «m £fe t oi>^s) -ysifii 4;8-# 7V^ ^'t!:£#-i- fil^ «a7i(EM)-t t-^S)E^ ;<||«h« ^ 5a<*. 
^ ^.gofl ^^1(100)0)1. «a7|<EM)fe ^a7i afe LiNbOgl- ol-§-tv 

^ 4-§-s|^ -si-?- «S7l(EM)2l ^^jo] ^i^oll 44 cf^ ^^1-71 (?f)cff'§^7l((D)MUX2)2l 4 -a/^^ ^ 

41-4 4 4o\^] cf«'l^:H.((FPLDl,FPLD2,-^-,FPLDn) N7llfi) €^ >i)<H7l(PCl.PC2,-,PCn)7l- 

JIt^!^7]tt, ^aE:7l(EM)sf ^*«i€ei|olEUOC) ^7\X[P]6fi :«I|<H7l(PCj7V ci S.1^^6\ 9''^^^. 

TEC2,-".TECn)'4 («^)'^f'SF7l((D)MUX2)sl 3<l|<HS>7l 4<>\ .^*1(TEC)7> ^al^cf. 
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7)(RX)7>c1?amTi>a«>14. 

S27l(EM)S ^fll ■t^slfe ^-Jlisl Jfl^* 3fl|a.el-3fl* eBoJi*) 4«>I^H(FPLDl.FPLD2. ".FPLDn). 
4et>^1 ^ ^'3<H| 41- 4-§-t> ^^14^ ^^Ife ^«<H1 ±-g-s|fe ^^ht ^ 5a«H ^^'^ -^--g- al-g-l- #^ 

4. 

^^yiL^-'J-i- ^^t}jL 4§ 4;«^o] ^Ai j:^^ ^msH, ^'a?>l| ^f^fi^ >ll^«>li ^olollfe >5^7l (^)^:l■f'S^7lsl 
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^Hl-b %m ^^s)^, -8-71 ^«|tellol6]sl 4m ^>^Hlfe ^I24^c^scl|:g«-7lsl "a47> ^islH. ^ 



^^"a la^vs -a^^a ^-yjL^ t/as:^ t^x\s. m 

^^-^P-ys]. 2N7||2] <a/#^5f4#* 7f;*H, «7l ■g-^^^sf 2N7Bs| 4 "a/^^ia^ 4°Hfe 44 4^ 4^ 
^^iil- ^^sVfe 2N X 1 (^)4^^7isf. 

"a^J^fe ^-a^l- €7l>t!J:^ ««-sW N7HS) ^^^7]s. ^^m^; 

^^7] (^)iq-f'^7lSl 1-N«1^ ^7\<i^^ z^zj^^tiel-^^ eijolx-l cfe.15.^71- ^:g£lJI, -^^7l (^)c1-f'^7lsl N+ 1-2N 

"a^moiife 44 ^^'i!7i7f "S^sici. >9-7) (^)ci-^^7is] •?f-'a4«Hi^ cff'Sf?!^! 

^^5)^. 'i^7) ;«ll24^-S-« ^^m^ 4^ ;^fli4^J-^t 4f'.3^7l2^ aii^««|| ^x>7> ^.g. si^fe. 



^m ^^}3. ^-a^fe ^^s. -f-^^i ta;«>s ^j^s ^-i!:^^ -Hi^ii 'e^>s. 

sl-M-sl f-f-'S^sf N7flsl 'a/t^'S^l-t^ 7}^M, ^7] ^f-^^c>fi^ ^^7.1 NTflfil 4 ■a/t'^'&4 4«>Hfe 44 4 

^€^4 t>4s)- ^^^^H-^Hlfe- -^71 («)4f'S^7lsl ^^ i5S|e^(free spectral range)iflofl ^7] 

f-^ «^^<ll ^i^fsf ?i^> 4*Hfe ^ Sifljsf ^;iH ^^sl-is- ^'a:£i-s.-?-El 44 ^aiH 
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'*7l (^)t^^1i^7]^ ^^ :i«|S^(free spectral rahge)a|s} ^o] i^-^-oJ-H ^^Sl'S 'S-71 J^fe J^fi) Ji^^^ 
•a^sife ^^l^l- ^7l^±s. #^8Vfe N7l|sj %4^-t!7la ^-y£)<>l: 

t^-t!7l7f (^ms}7lsl ^^^4011^ ^im^^S^^ ^^y]^ ^47>'9^SlBl, ^^71 

mo] ^a^J^oi, -^71 ^*<|#eflolElsi 'ft^oDfe ;»l|2i4^^« ^iS^7]sH ^^^^m ^i^^"^, ^si^^m 

^1. 



8. 



-a^^i ^^5.^ ^«i?<8 Tci-;4s #^*>a ^^^4 ^a^s. -a^S ^-tlS:^ >ll«*a ift^s. 
^^'S^if N7i|fil <a/t'^04## 7M°!. ^7) ^-fia^^ ^7] N7l|fil 4 "a/t^'S^ 44 cf^ 4 

°j^^i-44 «i-M-4 ^-i!^ t-^s^^ 7^11^. ^^7] <Q^^7.}s. <u^^^ iny}^^ ^7)4^1 -a 

±011 44 «sa^«H ^^laTj-s. 4-¥- «S7)4, 

^>7r4-¥-^3;7ll- ^•S-471 ^ 7la|ol A|i:f. ;^]^*^^ «.^2:7| ^^^^^ 

^7] (<^)v^^n7]^ 4 'e*^"!!^ 44 n^.^-^^ ^°]^ 4o15.h7> <ais]a, ^7\ ^^)T^^^^7]s\ ^^^i^xh^ ^ 

m 4^^ ^4»ll^ 4-¥- «3i7|si «g^^4-7^ ^^slD^. 'S^7l si^ «2:7H^- 4^ S!2:7l ^^=8-47> 
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^=f-^ iH sa«^i^i. ^27) ?•■i■^c^*ls^ ^^r^?]?} ci °3^s)<h 'ih7| ^4^^7is. -a^^ ^-jija 
1- ^7ia}oi ^s.s. }&m ^. t^^] %^s.s. ^m-t ^.s. *>fe j^^s-^.^ r^f'^^ . 



^T^^a- 13. 

11 5Efe^?1^ 12»fl $lo\^, {^)cff'^7isj ;^H«1-7l m ^s. 4o\ ;«^Al7>.rH «.S 



^t'^ 14. 

^^^iiafe ^^^i2<^ sa^^.^7i t\f-f^7M ^^^m^ ^^1-^511^2^-1^* ifloi^i 4'»UE.><Ho| him 
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